A comparative electron microscopical study on antennae of small ermine moths (Lepidoptera, Yponomeutidae) by Cuperus, Pieter Lammert
  
 University of Groningen
A comparative electron microscopical study on antennae of small ermine moths (Lepidoptera,
Yponomeutidae)
Cuperus, Pieter Lammert
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
1986
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Cuperus, P. L. (1986). A comparative electron microscopical study on antennae of small ermine moths
(Lepidoptera, Yponomeutidae). s.n.
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the




The European small  ermine moths of the genus Iponomeuta (La-
t re i l le )  show var ious  degrees  o f  taxonomic  re la t ionsh ips .  TVo spe-
c i e s  g r o u p s  c a n  b e  d i s t i n g u i s h e d ,  o n e  c o m p r i s i n g  t w o  d i s t i n c t  s p e -
c ies ,  and the  o ther  two spec ies  and the  so-carLed 'padeLLus-complex '
The mernbers  o f  the  'padeLLus-complex '  a re  morpho log ica l  very  s imi ra r
and they  are  recogn ized main ly  by  the i r  spec i f i c  hos t  p lan ts .  They
can be  in te rbred  in  the  labora tory ,  bu t  in  na tura l  cond i t ions  they
r e m a j . n  r e p r o d u c t i v e l y  i s o l a t e d  a l t h o u g h  o c c u r r i n g  s y n p a t r i c a l l y .  r t
i s  be l ieved tha t  the  members  o f  the  'padeLLus-comprex '  (and the  four
hos t  races  o f  Y .  padeLLus in  par t i cu la r )  a re  invorved in  a  spec ia -
t i o n  p r o c e s s .
Two behav io rar  aspec ts  seem to  be  o f  ma jor  impor tance in  repro-
d u c t i v e  i s o l a t i o n ,  D i z . ,  a  m a r k e d  p r e f e r e n c e  i n  f e m a l e s  f o r  s p e c i f i c
h o s t  p l a n t s ,  a n d  a  c l e a r  p r e f e r e n c e  i n  n a l e s  f o r  c o n s p e c i f i c  f e -
males .  E lec t rophys io log ica l  and behav iourar  exper iments  made c lear
tha t  o l fac to ry  receptors  on  the  an tennae p lay  a  paramount  ro le  in
t h e  t w o  b e h a v i o u r a l  a s p e c t s .  c o m p l e x  i n s e c t - h o s t  p t a n t  r e l a t i o n -
sh ips ,  in  wh ich  sex  pheromones and hos t  p ran t  odours  a re  in  the  o l -
fac to ry  p lane o f  focus ,  i l&y  be  cons idered to  be  essent ia l  in  repro-
d u c t i v e  i s o l a t i o n ,  a n d  n o s t  l i k e l y  a r e  t h e  d r i v i n g  f o r c e  i n  t h e  p r e -
sumed spec ia t ion  process .  Th is  makes European rponomeuta  an  in te r -
e s t i n g  g r o u p  o f  i n s e c t s  t o  s t u d y ,  a n d  r e s u l t e d  u p  t o  n o w  i n  t h e  p u -
br ica t ion  o f  a  number  o f  papers  o f  d i f fe ren t  k inds  o f  approach on
t h e  s u b j e c t .  T h i s  t h e s i s  c o n t a i n s  c o n t r i b u t i o n s ,  f o c u s s e d  o n  t h e
norpho logy  o f  the  an tenna l  sensory  equ ipment .
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1.  The s tudy  s ta r ts  w i th  a  genera l  in t roduc t ion  on  reproduc t ive  iso-
l a t i o n  a n d  s p e c i a t i o n  i n  p h y t o p h a g o u s ,  p a r a s i t i c  i n s e c t s ,  l e a d i n g
to  the  top ic  o f  European Iponomeuta .  I t  i s  po in ted  ou t  why  o l fac t ion
may be  cons idered to  be  the  p ivo t  in  the  eco logy  o f  Iponomeutar
and tha t  o l fac to ry  receptors  on  the  an tennae make up  the  pr i rnary
u n i t  i n  p r o c e s s i n g  o d o u r  c u e s .  I n  a d d i t i o n  a  b r i e f  d e s c r l p t i o n  o f
the  morpho logy  o f  the  an tennae and an tenna l  sens i l la  t r i chodea,
s e n s i l l a  c h a e t i c a  T y p e  I  a n d  T y p e  I I ,  s e n s i l l a  c o e l o c o n i c a  a n d  s e n -
s i I l a  s t y l o c o n i c a  i s  g i v e n ,  f o l l o w e d  b y  t h e  o u t l i n e  o f  t h e  s t u d y
( C h a p t e r  1 ) .
2 .  B a s e d  o n  a l l o z y m e -  a n d  n u m e r i c  t a x o n o m i c a l  a n a l y s i s ,  e v o l u t i o n a -
ry / taxonomic  re la t ionsh ips  have been proposed fo r  European Ipono-
m e L t A .  A s  t h e  p r o p o s e d  r e l a t i o n s h i p s  m a y  b e  r e f l e c t e d  i n  a n t e n n a l
d e s i g n ,  I  i n v e s t i g a t e d ,  u s i n g  t h e  s c a n n i n g  e l e c t r o n  m i c r o s c o p e ,  d i -
mens ions  o f  ten th  an tenna l  segments ,  and numbers  and d is t r ibu t lons
o f  s e n s i l l a  l o c a t e d  o n  t h e s e ,  i n  b o t h  s e x e s  o f  a l l  E u r o p e a n  I p o n o -
meuta  spec ies ,  and fo r  compara t ive  reasons  the  Japanese I .  ! : Janaga-
uanus.
I n  a l l  s p e c i e s ,  d i m e n s i o n s  o f  a n t e n n a l  s e g m e n t s  a r e  g r e a t e r  i n
males  than in  females ,  and there  is  a  t rend tha t  segmenta l  d imen-
s i o n s  i n c r e a s e  t h e  m o r e  r e c e n t  t h e  s p e c i e s  a r e .  I  f o u n d  t h a t  p o o l e d
n u m b e r s  o f  s e n s i l l a  t r i c h o d e a  a n d  s e n s i l l a  b a s l c o n i c a  ( o l f a c t o r y
r e c e p t o r s )  d i f f e r  s i g n i f i c a n t l y  b e t w e e n  s p e c i e s  a n d  s e x e s ,  a n d  t h a t
g i v e  g r o u p i n g s  o f  s p e c i e s  c a n  b e  d i s c e r n e d  i n  b o t h  s e x e s -  I t  a l s o
appears  tha t  the  smal le r  an tenna l  segmenta l  d imens ions  a l re ,  the
h i g h e r  t h e  p h e r o m o n e  r e c e p t o r  d e n s i t y .  I n  a l l  s p e c i e s ,  a p a r t  f r o m
t h e  ' a r c h a i c '  I .  u í g í n t í p u n c t a t u s ,  s e x u a l  d i m o r p h i s m  i s  p r e s e n t ,
a n d  d i f f e r e n c e s  w i t h  r e s p e c t  t o  t h e  p a r a m e t e r s  m e n t i o n e d  c o u l d  b e
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brought  in to  re la t i -on  w i th  p roposed taxonorn ic  re la t ionsh ips  in  the
g e n u s .
C o m p a r i s o n  o f  e l e c t r o p h y s i o l o g i c a l  d a t a  c o n c e r n i n g  s e n s i l l a  t r i c h o -
d e a  w i - t h  n o r p h o l o g i c a l  o n e s ,  r e v e a l e d  t h a t  i n  m a l e s  o f  s p e c i e s
w h i c h  h a v e  l e s s  s e n s i l l a  t r i c h o d e a ,  t h e s e  a r e  m o r e  s e n s i t i v e  a n d
s p e c i f i c  t o  s e x  a t t r a c t a n t s  ( C h a p t e r  2 ) .
3 .  I n  C h a p t e r  3 ,  a  d e s c r i p t i o n  i s  g i v e n  o f  n u m b e r s  a n d  d i s t r i b u -
t ions  o f  sens i l la  over  the  who le  length  o f  an tennae o f  bo th  sexes
of  Y .  u í ,7 ín t ípunc ta tus .  No sexua l  d inorph ism cou ld  be  po in ted  ou t .
I n  a d d i t i o n  i t  w a s  f o u n d  t h a t  o n  s c a p e ,  p e d i c e l  a n d  t h e  f i r s t  f i v e
antenna l  segnents  s t ruc tu res  are  present  wh ich  are  in te rmed ia te
f o r m s  b e t w e e n  s c a l e s  a n d  s e n s i l l a  c h a e t i c a  t y p e  I I .
4 .  U p  t o  n o w ,  t h e  f u n c t i o n - o f  o n l y  t h e  s e n s i l l a  t r i c h o d e a  i s  k n o w n
(pheromone receptor ) .  In  o rder  to  f ind  ou t  wh ich  sensory  moda l i t ies
c a n  b e  a s c r i b e d  t o  t h e  r e m a Í n d e r  o f  s e n s i l l u m  t y p e s ,  I  c a r r i e d  o u t
t r a n s m i s s i o n  e l e c t r o n  m i c r o s c o p i c a l  i n v e s t i g a t i o n s  o n  a n t e n n a l  s e n -
s i l l a  i n  b o t h  s e x e s  o f  f i v e  s p e c i e s .  I t  a p p e a r s  t h a t  a p a r t  f r o m  o I -
f a c t o r y  r e c e p t o r s  ( s e n s i l l a  t r i c h o d e a ,  s e n s i l l a  b a s i c o n i c a  a n d  s e n -
s i l l a  c o e l o c o n i c a ) ,  m e c h a n o - ,  c o n t a c t c h e m o - ,  a n d  m o s t  l i k e l y ,  t h e r -
mo-  and hygroreceptors  a re  p resent .  Mechano-  and contac tchemore-
ceptors  a re  combined in  sens i .11a chaet ica  Type I ,  whereas  the  assum-
e d  t h e r m o -  a n d  h y g r o r e c e p t o r s  a r e  c o m b i n e d  i n  s e n s i l l a  s t y l o c o n i c a .
f n  t h r e e  o f  t h e  f i v e  s p e c i e s  i n v e s t i g a t e d ,  s e x u a l  d i m o r p h i s m  a p p e a r s
t o  b e  p r e s e n t  w i t h  r e s p e c t  t o  t h e  n u m b e r  o f  c e l 1 s  i n n e r v a t i n g  s e n -
s i l I a  t r i c h o d e a .  T h e  f i n d i n g s  c o n c e r n i n g  t h e  o l f a c t o r y  s e n s i - l 1 a  a r e
d iscussed in  the  contex t  o f  o l fac to ry  conrmun ica t ion  and reproduc t ive
iso la t ion  in  European Iponomeuta  (Chapte t  4 ) .
5 .  f t  h a s  b e e n  f o u n d  t h a t  i n  f e m a l e s .  s e n s i l l a  t r i c h o d e a  a r e  a t
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l e a s t  t e n  t i m e s  l e s s  s e n s i t i v e  t o  s e x  a t t r a c t a n t s  t h a n  s e n s i l l a
t r i c h o d e a  i n  m a 1 e s .  I t  i s  b e l i e v e d  t h a t  n u m b e r s  a n d  s p e c i . f i c í t y  o f
receptor  s i tes  i -n  the  membranes o f  the  sensory  ce l l s  a re  o f  impor -
tance in  th is .  However ,  en t ry  o f  odour  s t imu l j -  in to  pores  in  the
w a 1 1  o f  s e n s i l l a  m a k e  u p  t h e  f i r s t  s t e p  i n  t h e  m e c h a n i s m  o f  o i f a c t -
i o n .  T o  f i n d  o u t  w h e t h e r  t h e  n u m b e r  o f  p o r e s  1 n  s e n s i l l a  t r i c h o d e a
c o u l d  b e  a  c o n t r i b u t i n g  f a c t o r  i n  t h e  s e n s i t i v i t y  p h e n o m e n o n ,  I  i n -
ves t iga ted  in  bo th  sexes  o f  -Y .  u ig ín t ípunc ta tus  and I .  cagnage lLus
s e n s j " 1 l a  t r i c h o d e a  u s i n g  t h e  s c a n n i n g  e l e c t r o n  m i c r o s c o p e .  I t
a p p e a r s  t h a t  i n  s e n s i l l a  t r i c h o d e a  j - n  m a 1 e s ,  t w o  t o  t h r e e  t i m e s  a s
m a n y  p o r e s  a r e  p r e s e n t  t h a n  i n  t h o s e  o f  f e m a l e s ,  a n d  t h i s  d i f f e r -
e n c e  i s  d i s c u s s e d  i n  r e l a t i o n  w i t h  e l e c t r o p h y s i o l o g i c a l  p r o p e r t i e s .
F o r  a l l  o t h e r  s e n s i l l u m  t y p e s  a  d e t a i l e d  d e s c r i p t i o n  o f  t h e  s e n -
s i l l u n  s u r f a c e  ( f o c u s s e d  o n  p o r e s )  i s  g i v e n  a s  w e 1 l .  N e w  f i n d i n g s
w i t h  r e s p e c t  t o  s e n s i l l a  s t y l o c o n i c a  ( m o s t  l i k e l y  t h e r n o / h y d r o r e -
c e p t o r s )  g a v e  r i s e  t o  s o m e  s u g g e s t i o n s  c o n c e r n i n g  t h e ,  a s  y e t  u n -
k n o w n ,  m e c h a n i s m  o f  h y g r o r e c e p t i o n  i n  t h e s e  s e n s i l l a  ( C h a p t e r  5 ) .
6 .  F i n a l l y ,  C h a p t e r  6  c o n t a i n s  a  g e n e r a l  d i s c u s s i o n ,  p a r t l y  i n  a d d i -
t i o n  t o  t h o s e  i n  p r e v i o u s  C h a p t e r s ,  a n d  c o n c l u s e s  t h i s  s t u d y .
